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(54) Optical disc drive and method of discriminating various types of optical discs 



(57) An optical disc drive which is capable of easily 
and reliably recording information onto and/or playing 
back information recorded on various types of optical 
discs having different refleclances is disclosed. The 
optical disc drive has a rotational drive mechanism for 
rotating the optical disc loaded in the optical disc drive; 
an optical pick-up which includes an objective lens, an 
actuator, a laser diode and a split photodiode; an optical 
pick-up moving mechanism; a control means; an RF 
amplifier 1C; a servo processor; a decoder; a memory; 
and a casing for housing all these elements. After mov- 
ing a disc tray to the loaded position, the optical disc 



forces the objective lens to move in the optical axis 
direction to generate a focus error signal. Then, after 
calculating an amplitude of the generated focus error 
signal, the optical disc drive discriminates the presence 
or absence of an optical disc and the disc type of the 
optical disc loaded in the optical disc drive. Namely, the 
optical disc drive discriminates whether or not the opti- 
cal disc loaded in the optical disc drive is a high-reflect- 
ance optical disc such as CD-R or a low-reflectance 
optical disc such as CD-RW. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to an optical disc 
drive which can play back information recorded on 
and/or record information onto various types of optical 
discs and a method of discriminating the various types 
of the optical discs. 

Description of the Prior Art 

[0002] Optical disc drives which can playing back 
information recorded on and/or record information onto 
an optical disc such as a CD (compact disc), CD-ROM, 
CD-R or CD-RW are known in the prior art. 
[0003] Among such optical discs, the CD. CD-ROM 
and CD-R are dasstfied as high-reflectance optical 
discs due to the characteristics of their respective 
recording layers. Further, the CD-RW is classified as a 
low-reflectance optical disc. 

[0004] Recently, optical disc drives which are capable 
of playing back information recorded on various types of 
high-reflectance optical discs with a single disc drive 
have been proposed. For example, an optical disc drive 
which can play back not only information recorded on a 
CD-ROM but also information recorded on a CD-R is 
known. 

[0005] However, up to the present time, there has 
been no optical disc drive which is capable of playing 
back both high-reflectance optical discs and low-reflect- 
ance optical discs. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the present invention 
to provide an optical disc drive which is capable of easily 
and reliably playing back and/or recording various types 
of optical, discs having different reflectances (i.e., high- 
reflectance optical discs and low-reflectance optical 
discs), and a method of discriminating such various 
types of optical discs. 

[0007] In view of this object, the present invention is 
directed to an optical disc drive which can play back 
information recorded on and/or record information onto 
at least two types of optical discs having different 
reflectances. The disc drive comprises: 

a rotational drive mechanism for rotating an optical 
disc to be loaded in the optical disc drive; 
an optical pick-up having an objective lens, said 
optical pick-up emitting light beam onto the loaded 
optical disc and receiving the light beam reflected 
by the optical disc through the objective lens, to 
generate detection signals in response to the 
amount of the received light beam; 



focus error signal generating means for generating 
a focus error signal based on the detection signals; 
and 

optical disc discrimination means for discriminating 
5 a disc type of the loaded optical disc based on the 
amplitude of the focus error signal. 

[0003] In this optical disc drive according to the 
present invnetion, the amplitude of the focus error signal 

io varies depending on the reflectances of the respective 
optical discs. Specifically, in the present invention, the at 
least two types of optical discs include a high-reflect- 
ance optical disc and a low- reflectance optical disc. 
[0009] According to the disc drive as described above, 

15 it is possible to play back information recorded on 
and/or record information onto various types of optical 
discs having different reflectances (i.e.. high-reflectance 
optical discs and low-reflectance optical discs). 
[001 0] In the present invention, it is preferred that the 

so focus error signal is produced by displacing the objec- 
tive lens in the optical axis direction, and then the optical 
disc discrimination means discriminates whether or not 
the loaded optical disc is a high-reflectance optical disc 
or a low-reflectance optical disc based on the thus pro- 

25 duced focus error signal. 

[001 1 ] Further, in the present invention, it is preferred 
that if the reflectance of a high-reflectance optical disc 
to be loaded in the optical disc drive is designated by "a" 
and the reflectance of a low-reflectance optical disc to 

30 be loaded in the optical disc drive is designated by "p". 
then the value of "ct/p" is greater than or equal to 2.5. 
[0012] Moreover, in the present invention, it is pre- 
ferred that the optical disc discrimination means dis- 
criminate whether or not the loaded optical disc is a 

35 high -reflectance optical disc or a low-reflectance optical 
disc by comparing an amplitude of the focus error signal 
or a vale corresponding thereto with a predetermined 
threshold value. 

[001 3] In the present invention, it is also preferred to 
40 further comprise means for setting recording conditions 
and/or playing back conditions corresponding to the 
type of the loaded optical disc based on the result of the 
discrimination by the optical disc discrimination means. 
This setting means sets recording and/or playing back 
45 conditions corresponding to a high-reflectance optical 
disc in the case where the loaded optical disc loaded is 
discriminated as a high-reflectance optical disc by the 
optical disc discrimination means, and sets recording 
and/or playing back conditions corresponding to a low- 
so reflectance optical disc in the case where the loaded 
optical disc loaded in the optical disc drive is discrimi- 
nated as a low- reflectance optical disc by the optical 
disc discrimination means. 

[0014] In this way. the optical disc drive according to 
55 the present invention makes it possible to reliably record 
information onto various types of optical discs having 
different reflectances and/or playback information 
recorded on the various types of the optical discs. 
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[001 5] In this case, the conditions to be set by the set- 
ting means may include a focus servo gain and/or a 
tracking servo gain. 

[001 61 Further, in the present invention, the optical 
disc discrimination means may have a further function 
for judging as to whether or not an optical disc is loaded 
in the optical disc drive. 

[001 7] In this way, it is possible to prevent the optical 
disc drive from starting the process for recording or 
playing back information when no optical disc is placed 
on the disc tray which has been moved from the eject 
position to the loaded position. 
[001 8] Furthermore, it is also preferred that the optical 
disc discrimination means judges as to whether or not 
the loaded optica) disc is a low-reflectance optical disc 
in the case where no high-reflectance optical disc has 
been detected by the discrimination means. 
[0019] Another aspect of the present invention is 
directed to a method of discriminating a disc type of an 
optical disc loaded in an optical disc drive which can 
play back information recorded on and/or record infor- 
mation onto at least two types of optical discs having dif- 
ferent reflectances. This method comprises the steps 
of: 

rotating the optical disc loaded in the optical disc 
drive; 

emitting light beam from an optical pick-up onto the 
loaded optical disc and receiving the light beam 
reflected by the optical disc by the optical pick-up, 
to generate detection signals in response to the 
amount of the received light beam, 
producing a focus error signal based on the detec- 
tion signals; and 

discriminating a disc type of the loaded optical disc 
based on the amplitude of the focus error signal 
which varies depending on the reflectance of the 
optical discs. 

[0020] In this method, the at least two types of optical 
discs include a high-reflectance optical disc and a low- 
reflectance optical disc. 

[0021 ] Further, in this method, the focus error signal is 
produced by displacing the objective lens in the optical 
axis direction, and then the loaded optical disc is dis- 
criminated as a high-reflectance optical disc or a low- 
reflectance optical disc based on the thus produced 
focus error signal. 

[0022] Furthermore, in this method, it is preferred that 
if the reflectance of the high-reflectance optical disc to 
be loaded in the optical disc drive is designated by "a" 
and the reflectance of the low-reflectance optical disc to 
be loaded in the optical disc drive is designated by "p". 
then the value of "a/p" is greater than or equal to 2.5. 
[0023] Moreover, in this method, it is preferred that the 
discrimination is carried out by comparing an amplitude 
of the focus error signal or a vale corresponding thereto 
with a predetermined threshold value. 



[0024] Further, in the present invention, it is preferred 
that the discriminating step includes a first step for judg- 
ing as to whether the loaded optical disc is a high- 
reflectance optical disc or not, and a second step for 

5 judging as to whether the loaded optical disc is a low- 
reflectance optical disc or not, wherein the second step 
is carried out in the case where no high-reflectance opti- 
cal disc is detected by the first step. 
[0025] In this case, it is preferred that the focus servo 

10 gain at the first step is grater than that at the second 
step. Alternatively, the amplification factor tor the focus 
error signal at the first step can be grater than that at the 
second step. 

[0026] Furthermore, in the method of the present 
is invention, it is also preferabl e to further comprise a step 
for judging as to whether or not an optical disc is loaded 
in the optical disc drive. 

[0027] The above described and other objects, struc- 
tures and advantages of the present invention will be 
20 apparent when the following description of the preferred 
embodiment will be considered in conjunction with the 
appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0028] 

Fig. 1 is a block diagram which generally shows a 
circuit configuration of a preferred embodiment of 
30 an optical disc drive according to the present inven- 
tion. 

Fig. 2 is a plan view which generally shows compo- 
nents around an optical pick-up of the optical disc 
35 drive according to the present invention. 

Fig. 3 is a block diagram showing a control mean, 
an RF amplifier IC and a split photodiode of an opti- 
cal pick-up of the optical disc drive shown in Fig. 1 . 

40 

Fig. 4(a) is a time chart showing a position of an 
objective lens relative to of the optical disc drive 
when the objective lens is being forcedly moved in 
the optical axis direction thereof, Fig. 4(b) is a time 
45 chart showing a focus error signal generated when 
8 CD-RW is loaded in the optical disc drive, and Fig. 
4(c) is a time chart showing a focus error signal 
generated when a CD-ROM is loaded in the optical 
disc drive. 

so- 

Fig. 5 is a flow chart showing the operations carried 
out in a control means of the optical disc drive 
shown in Fig. 1. 

55 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] With reference to the appended drawings, a 
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detailed description of the preferred embodiment of an 
optical disc drive according to the present invention will 
be given below. 

[0030] Fig. 1 is a block diagram which generally shows 
a circuit configuration of the preferred embodiment of 
the optical disc drive according to the present invention. 
Fig. 2 is a plan view which generally shows components 
around an optical pick-up of the optical disc drive 
according to the present invention. Fig. 3 is a block dia- 
gram showing a control means, an RF amplifier IC and 
a split photodiode of an optical pick-up of the optical 
disc drive shown in Fig. i. 

[0031] The optical disc drive 1 shown in these draw- 
ings is designed to play various types of optical discs 2 
having different reflectances. Namely, in addition to 
playing back information recorded on a high-reflectance 
optical disc (CD-ROM in the present embodiment), the 
optical disc drive 1 can also play back information 
recorded on a low-reflectance optical disc (CD-RW in 
the present embodiment). 

[0032] In this connection, the optical disc drive 1 is 
able to recognize high-reflectance and low-reflectance 
! optical discs based on the reflectance of laser light 

j (laser beam) emitted from a laser diode (light source) 5. 

I Namely, an optical disc 2 which reflects more 1han 60%, 

| and in particular roughly 70% - 90%. of the laser light 

I (laser beam) from, the laser diode (light source) 5 will be 

! recognized as a "high -reflectance optical disc", and an 

optical disc which reflects less than 25%. and in partic- 
ular roughly 10% - 20%, ol the laser light (laser beam) 
from the laser diode (light source) 5 will be recognized 
' as a "low-reflectance optical disc". 

[0033] The comparison between the reflectance of the 
| high-reflectance optical disc and the reflectance of the 

j low-reflectance optical disc is as follows. Namely, if the 

j reflectance of the high-reflectance optical disc is desig- 

| nated by "a" and the reflectance of the low-reflectance 

! optical disc is designated by "p", then the value of "oc/B" 

| is greater than or equal to 2.5, and in particular lies 

roughly in the range 3 - 7. 
, [0034] In this connection, rt is to be understood that a 

| track is formed on the optical disc 2 in a spiral manner. 

'■ [0035] The optical disc drive 1 includes a rotational 

j drive mechanism for rotating the optical disc 2 loaded in 

| the optical disc drive 1 . This rotational drive mechanism 

j is mainly constructed from a spindle motor 1 1 for rotat- 

i ing a turntable, a driver 23 for driving the spindle motor 

1 1 , and a turntable 1 3 which is fixed to the rotation axle 
1 2 of the spindle motor 1 1 for supporting the optical disc 
2 thereon. 

[0036] Further, the optical disc drive 1 includes an 
I optical pick-up (optical pick-up) 3 which can move in the 

direction of the arrow A shown in Fig. 2; an optical pick- 
up moving mechanism for moving the optical pick-up 3 
in the direction of the arrow A shown in Fig. 2; a control 
means 9; an RF amplifier IC 40; a servo processor 
(DSP) 51; a decoder 52; a memory (e.g.. RAM or the 
like) 53; and a casing (not shown in the drawings) for 



housing all these elements. In this regard, the direction 
of the arrow A in Fig. 2 corresponds to a radial direction 
of the optical disc 2 loaded in the optical disc drive 1 . In 
other words, the direction of the arrow A in Fig. 2 corre- 

5 spends to a radial direction of the turntable 13 of the 
optical disc drive 1. Hereinafter, this radial direction of 
the optical disc 2 (radial direction of the turntable 13) will 
be referred to simply as "the radial directions". 
[0037] The optical pick-up 3 includes an optical pick- 

io up body (optical pick-up base) 31 equipped with the 
laser diode (light source) 5 and a split photodiode (light- 
receiving portion) 6, and an objective lens (converging 
lens) 32. 

[0038] Further, the optical pick-up 3 is constructed so 
75 as to be capable of emitting one main laser beam and 
two sub laser beams, respectively In this regard, the 
play back of information recorded on the optical disc 2 is 
carried out using the main laser beam. 
[0039] As shown in Fig. 3. the split photodiode 6 
so includes six individual light-receiving portions 61 - 66. In 
particular, the split photodiode 6 includes the individual 
light-receiving portions 61 - 64 for receiving the reflec- 
tion of the main laser beam from the optical disc 2; the 
individual light-receiving portion 65 for receiving the 
25 reflection of one of the sub laser beams from the optical 
disc 2; and the individual light-receiving portion 66 for 
receiving the reflection of the other sub laser beam from 
the optical disc 2. 

[0040] The objective lens 32 is supported by suspen- 

30 sion springs (not shown in the drawings) provided on 
the optical pick-up body 31. Further, the objective lens 
32 is arranged so as to be movable with respect to the 
optical pick-up body 31 in both the radial direction and 
the optical axis direction of the objective lens 32. In this 

35 way, when the objective lens 32 is deviated away from 
its neutral position (center point), the restoring force of 
the suspension springs will bias the objective lens 32 
back toward the neutral position. In this connection, the 
direction of the optical axis of the objective lens 32 cor- 

40 responds to the direction of the rotation axis of the opti- 
cal disc 2 (that is, corresponds to the direction of the 
rotation axis of the turntable 13). Hereinafter, the direc- 
tion of the optical axis of the objective lens 32 will be 
referred to simply as the "optical axis direction", and the 

45 direction of the rotation axis of the optical disc 2 will be 
referred to simply as the "rotation axial direction". 
[0041] Further, as shown in Figs. 1 and 2, the optical 
pick-up 3 includes an actuator 4 for moving the objective 
lens 32 with respect to the optical pick-up body 31 . The 

so actuator 4 includes a tracking actuator for moving the 
objective lens 32 in the radial direction, and a focusing 
actuator for moving the objective lens 32 in the optical 
axis direction (rotation axial direction) with respect to 
the optical pick-up body 31 . 

55 [0042] The tracking actuator and the focusing actuator 
of the actuator 4 are respectively driven by a driver 21 . 
[0043] Further, three support portions (sDders) 31 1 
which slide along guide shafts 16 (described below) are 
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formed on the optical pick-up body 31 . 
[0044] The optical pick-up moving mechanism is 
mainly constructed of a sled motor 7 equipped with a 
rotation axle 8, a driver 22 for driving the sled motor 7, a 
lead screw (worm gear) 81 fixed to the rotation axle 8 of s 
the sled motor 7, a reduction gear 14, a rack gear 15, 
the pair of guide shafts 1 6 for guiding the optical pick-up 
3, and the three support portions (sliders) 311 
described above. 

{0045] The reduction gear 14 includes a worm wheel w 
141 which meshes with the lead screw 81 , and a pinion 
gear 142 which has a smaller radius than the worm 
wheel 141 and which is fixed in a concentric manner to 
the worm wheel 141. 

[0046] The rack gear 1 5 meshes with the pinion gear is 
142. Further, the rack gear 15 is fixed to the optical pick- 
up body 31. 

[0047] As described above, the support portions 31 1 
of the optical pick-up 3 are supported for sliding move- 
ment on the guide shafts 16. Accordingly, the optical 20 
pick-up 3 is able to slide along the pair of guide shafts 
16. The actual movement of the optical pick-up 3 will be 
described below. 

[0046] First, the sled motor 7 is driven to rotate the 
lead screw 81 in predetermined direction. In accord- 25 
ance with this rotation of the lead screw 81. the worm 
wheel 141 and the pinion gear 142 are rotated in a pre- 
determined direction. Then, the rack gear 15 which 
meshes with the pinion gear 142 transfers the rotational 
motion of the pinion gear 142 to the support portions 30 
31 1 of the optical pick-up 3 to cause the optical pick-up 
3 to undergo linear motion. In this way, the optical pick- 
up 3 is made to move in a predetermined direction along 
the guide shafts 16. 

[0049] Conversely, when the rotation axle 8 of the sled 35 
motor 7 and the lead screw 81 are rotated in the oppo- 
site direction to that described above, the optical pick-up 
3 will move along the guide shafts 16 in the opposite 
direction to that described above. 

[0050] As shown in Fig. 3, the RF amplifier IC 40 40 
includes an RF amplifier 41, differential amplifiers 43 
and 44, and adders 45, 46 and 47. Further, amplification 
factors of the RF amplifier 41 and the differential ampli- 
fiers 43 and 44 are variable. 

[0051 ] As is common practice, the control means 9 is <s 
mainly constructed from a microcomputer (CPU). The 
control means 9 carries out overall control of the optical 
disc drive 1. Namely, in addition to controlling elements 
such as the actuator 4 of the optical pick-up 3 and the 
laser diode 5, the control means 9 also controls ele- so 
ments such as the sled motor 7. the spindle motor 11, 
the RF amplifier IC 40, the servo processor 51 , the 
decoder 52 and the memory 53. 
[0052] The control means 9 carries out the main func- 
tions of optical disc discrimination means and setting 55 
means (condition setting means) of this invention. 
[0053] Further, the RF amplifier IC 40 carries out the 
main functions of focus error signal generating means 



of this invention. 

[0054] Furthermore, an external device (e.g., a comr 
puter) may be removably connected to the optical disc 
drive 1 via an interface control section (not shown in the 
drawings). In this way, communication can be carried 
out between the optical disc drive 1 and the external 
device. 

[0055] Next, the operations of the optical disc drive 1 
will be described. 

[0056] First, the optical disc drive 1 moves the optical 
pick-up 3 on a target track (target address). Then, when 
the optical pick-up 3 reaches the target track, the optical 
disc drive 1 carries out various controls such as focus 
servo control, tracking servo control, sled servo control 
and rotation frequency control (rotation speed control). 
In this way, the optical disc drive 1 reads out {plays back 
or reproduce) the information (data) from the optical 
disc 2. 

[0057] As shown in Fig. 1 , during playback of the infor- 
mation, the laser beam from the laser diode 5 of the 
optical pick-up 3 is emitted onto a predetermined track 
of the optical disc 2. This laser beam is reflected by the 
optical disc 2. Then, the laser light reflected by the opti- 
cal disc 2 is received by the split photodiode 6 of the 
optical pick-up 3. 

[0058] As shown in Fig. 3. a current is outputted in 
response to the amount of light received by each of the 
individual light-receiving portions 61 - 66 of the split 
photodiode 6. The currents outputted from the light- 
receiving portions 61 - 66 are converted by an l-V ampli- 
fier (current-voltage conversion section; not shown in 
the drawings) into respective voftages (detection sig- 
nals) "a" - T, and then they are outputted from the opti- 
cal pick-up 3. 

[0059] Each of the detection signals "a" - T is input- 
ted into the RF amplifier IC 40. In the RF amplifier IC 40. 
an HF (RF) signal is generated by carrying out addition 
and amplification and other operations to the detection 
signals "a" - "cT. 

[0060] Namely, the detection signal "a" outputted from 
the light-receiving portion 61 and the detection signal 
"c" outputted from the light-receiving portion 63 are 
added by the adder 45. Further, the detection signal "£>" 
outputted from the light-receiving portion 62 and the 
detection signal "cT outputted from the light-receiving 
portion 64 are added by the adder 46. Next, the signal 
(a + c) outputted from the adder 45 and the signal (b + 
d) outputted from the adder 46 are added by the adder 
47, and the signal (a + b + c + d) outputted from the 
adder 47 is inputted into the RF amplifier 41. Then, the 
RF amplifier 41 amplifies the signal (a + b + c+ d) by 
a prescribed amplification factor to output an HF signal. 
[0061 ] This HF signal is an analog signal which corre- 
sponds to the pits and tands formed onto the optical disc 
2. 

[0062] The HF signal is inputted into the servo proc- 
essor 51 . In the servo processor 51 , the inputted HF sig- 
nal is digitized and then subjected to EFM (Eight to 
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Fourteen Modulation) demodulation. Then, after being 
decoded (converted) into predetermined formatted data 
(data signals) in the servo processor 51 , such converted 
data is inputted into the decoder 52. 
[0063] Then, after this data is decoded by the decoder 
52 into data having a predetermined format for commu- 
nication (transmission), such decoded data is transmit- 
ted to an external device (e.g.. a computer) via an 
interface control section (not shown in the drawings). 
[0064] Next, a description will be given for the tracking 
control, sled control and focus control carried out by the 
optical disc drive 1 when playing back information 
recorded on the optical disc 2. 
[0065] As described above, each of the detection sig- 
nals "a" - T is inputted into the RF amplifier IC 40, 
respectively. 

[0066] The RF amplifier IC 40 generates a tracking 
error (TE) signal (voltage) based on the detection sig- 
nals "e" and T. 

[0067] Namely, the detection signal "e" is inputted into 
the non inverting input terminal (positive input terminal) 
of the differential amplifier 44. the detection signal "f is 
inputted into the inverting input terminal (negative input 
terminal) of the differential amplifier 44, and then the dif- 
ferential amplifier 44 amplifies the value of the differ- 
ence between these signals (e -f) by a predetermined 
amplification factor to output a tracking error signal. 
[0068] This tracking error signal is a signal indicating 
the amount of deflation of the objective lens 32 in the 
radial direction with respect to the center of the target 
track. Namely, the tracking error signal is a signal which 
indicates both the amount and the direction of the devi- 
ation of the objective lens 32 in a radial direction with 
respect to the center of the target track. 
[0069] Next, the tracking error signal is inputted into 
the servo processor 51. After carrying out predeter- 
mined signal processing operations (i.e., phase inver- 
sion, amplification and the like) tor the tracking error 
signal, the servo processor 51 generates a tracking 
servo signal (voltage). Then, a predetermined driving 
voltage responsive to such tracking servo signal is 
applied to the actuator 4 via the driver 21 . By driving the 
actuator 4, the objective lens 32 is moved toward the 
center of the track. Namely, a tracking servo operation is 
carried out based on the generated tracking servo sig- 
nal. 

[0070] At this point, it should be mentioned that it is 
not possible to make the objective lens 32 sufficiently 
follow the target track tt only the actuator 4 is driven. 
Accordingly, sled control is also carried out to make H 
possible for the objective lens 32 to fully follow the target 
track. Namely, when the amount of the movement of the 
objective lens 32 exceeds a predetermined number of 
tracks, the sled motor 7 is driven via the driver 22 to 
move the optical pick-up body 31 in the same direction 
as the direction of movement of the objective lens 32. 
Thus, by carrying out such controls, it becomes possible 
to return the objective lens 32 to the neutral position. 



[0071] Further, the RF amplifier IC 40 generates a 
focus error (FE) signal (voltage) based on the detection 
signals "a" - V . 

[0072] Namely, the signal (a + c) outputted from the 

s adder 45 is inputted into the non inverting input terminal 
(positive input terminal) of the differential amplifier 43, 
and the signal [b + d) outputted from the adder 46 is 
inputted into the inverting input terminal (negative input 
terminal) of the differential amplifier 43. Then, the drffer- 

10 errtial amplifier 43 amplifies the value of the difference 
between these signals ((a + c) - (b + d)} by a predeter- 
mined amplification factor to output a focus error signal. 
[0073] This focus error signal is a signal indicating the 
amount of deviation of the objective lens 32 in the opti- 

15 cat axis direction (rotation axial direction) with respect to 
the focus point. Namely, the focus error signal is a signal 
which indicates both the amount and the direction of the 
deviation of the objective lens 32 in the optical axis 
direction (rotation axial direction) with respect to the 

so focus point. 

[0074] Next, the focus error signal is inputted into the 
servo processor 51 . After carrying out predetermined 
signal processing operations (i.e., phase inversion, 
amplification and the like) for the focus error signal, the 

25 servo processor 5 1 generates a focus servo signal (volt- 
age). Then, a predetermined driving voltage in 
response to such focus servo signal is applied to the 
actuator 4 via the driver 21 . By driving the actuator 4, 
the objective lens 32 is moved toward the focus point. 

30 Namely, a focus servo operation is carried out based on 
the generated focus servo signal. 
[0075] The optical disc drive 1 according to the 
present invention is able to judge whether or not an opti- 
cal disc 2 is placed on the disc tray positioned at the 

35 loaded position (disc playing back position). Further, the 
optical disc drive 1 according to the present invention is 
able to discriminate the disc type of the loaded optical 
disc 2. Namely, the optical disc drive 1 is able to judge 
whether the loaded optical disc 2 is a CD-ROM (higtv 

40 reflectance optical disc) or a CD-RW (low-reflectance 
optical disc). These judgements are carried out as 
described below. 

[0076] First, by forcedly moving (displacing) the objec- 
tive lens 32 in the optical axis direction, the optical disc 

45 drive 1 generates a focus error signal. Next, the optical 
disc drive 1 calculates the amplitude of the generated 
focus error signal. Then, based on such calculated 
amplitude, the optical disc drive 1 carries out the judge- 
ments described above. 

so [0077] Next, the processes carried out by the optical 
disc drive according to the present invention, that is the 
method of discriminating the various types of optical 
discs will be described with reference to the time chart 
shown in Fig. 4 and the flow chart shown in Rg. 5. 

55 [0078] In this regard. Fig. 4(a) is a time chart showing 
the position of the objective lens 32 relative to the opti- 
cal disc 2 when the objective lens 32 is being forcedly 
moved in the optical axis direction, Fig. 4(b) is a time 
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chart showing the focus error signal generated when a 
CD-RW is loaded in the optical disc drive 1, and Fig. 
4(c) is a time chart showing the focus error signal gen- 
erated when a CD-ROM is loaded in the optical disc 
drive 1. Further, Fig. 5 is a flow chart showing the oper- 
ations carried out in the control means 9. 
[0079] First, a disc tray {not shown in the drawings) on 
which an optical disc 2 is placed is positioned at the 
loaded position (Step 101). 

[0080] Further, at Step 1 01 , a measurement comple- 
tion flag and a CD-RW setting flag are cleared, and a 
setting for CD-ROM is carried out regardless of the disc 
type of the loaded optical disc 2. Namely, the focus 
servo gain (the amplification factor of the differential 
amplifier 43) and the tracking servo gain (the amplifica- 
tion factor of the differential amplifier 44) are set at their 
respective values established for a CD-ROM. In this 
regard, it should be noted that this setting for a CD-ROM 
is only a provisional setting and not a fixed setting. 
[0081 ] Furthermore, at Step 101 , the sled motor 7 is 
driven to move the optical pick-up 3 to a position corre- 
sponding to the read-in area (innermost position) of the 
optical disc 2. 

[0082] Further, as will be described later, the meas- 
urement completion flag is a flag which indicates the 
completion of focus error signal measurements. 
[0083] Accordingly, in the case where it is confirmed 
at Step 105 (described later) that a measurement com- 
pletion flag has been established, the optical disc drive 
1 judges that focus error signal measurements have 
completed. On the other hand, in the case where it is 
confirmed at Step 105 that a measurement completion 
flag has not yet been established (i.e., in the case where 
it is confirmed that the measurement completion flag is 
still in a clear state), the optical disc drive 1 judges that 
focus error signal measurements have not yet com- 
pleted. 

[0084] Further, the CD- RW setting flag is a flag which 
indicates that a setting for CD-RW has been estab- 
lished. 

[0085] Accordingly, in the case where it is conf irmed 
that a CD-RW setting flag has been established, the 
optical disc drive 1 judges that a setting for CD-RW has 
been established. On the other hand, in the case where 
it is confirmed that a CD-RW setting flag has not been 
established (i.e., in the case where it is confirmed that 
the CD-RW setting flag is still in a clear state), the opti- 
cal disc drive 1 judges that a setting for CD-ROM has 
been established. 

[0086] Next, a tracking offset adjustment is carried out 
to give the direct current component (DC component) of 
the tracking error signal a value of 0 (Step 102). This 
tracking offset adjustment is carried out in the servo 
processor 51 . 

[0087] Next, the laser diode 5 of the optical pick-up 3 
is lighted (driven) (Step 103). 
[0088] Next, a focus offset adjustment is carried out to 
set the reference level of the focus error signal at an 



appropriate level (Step 104). This focus offset adjust- 
ment is also carried out in the servo processor 51 . 
[0089] Next, a confirmation as to whether or not a 
measurement completion flag has been established is 
5 carried out (Step 1 05) . In this way, it is possible to judge 
whether or not measurements of the focus error signal 
have been completed. 

[0090] In the case where it is confirmed at Step 105 
that a measurement completion flag has not been 

w established, that is, in the case where it is judged that 
focus error signal measurements have not yet com- 
pleted, measurements of the focus error signal are car- 
ried out over a predetermined time interval (e.g., over 
approximately 400msec) (Step 106). 

75 [0091 ] At Step 1 06, the actuator 4 is driven as shown 
in Fig. 4(a) to move (displace) the objective lens 32 of 
the optical pick-up 3 in the optical axis direction (a direc- 
tion perpendicular to the optical disc 2). Namely, the 
objective lens 32 is made to undergo reciprocal move- 

20 merit for a plurality of times (e.g.. approximately two 
times) between a position closest to the optical disc 2 
and a position farthest from the optical disc 2 within the 
range of possible movement, so that a plurality of (e.g., 
approximately four) S-shaped waveforms (S-shaped 

25 curves) 71 are generated. In this way. a focus error sig- 
nal such as that shown in Fig. 4(b) or Fig. 4(c) is pro- 
duced. 

[0092] Then, the maximum value (i.e.. the maximum 
value among the plurality of peak values) and the mini- 

30 mum value (i.e., the minimum value among the plurality 
• of trough (bottom) values) of the generated focus error 
signal are respectively measured by the servo proces- 
sor 51 . Then, thus obtained values are stored in the reg- 
ister of the servo processor 51 . 

35 [0093] At this point, as shown in Figs. 4 (b) and 4 (c), 
the amplitude of the focus error signal varies depending 
on the reflectance of the optical disc 2. Namely, the 
amplitude of the focus error signal for the case where a 
CD-RW is loaded is smaller than the amplitude of the 

40 focus error signal for the case where a CD-ROM is 
loaded. 

[0094] Next the minimum value of the focus error sig- 
nal is read out from the register of the servo processor 
51 (Step 107). 

45 [0095] Next, the maximum value of the focus error sig- 
nal is read out from the register of the servo processor 
51 (Step 108). Then, based on this maximum value and 
the minimum value read out at Step 107. the amplitude 
of the focus error signal is calculated. 

so [0096] Namely, if "x" is the amplitude of the focus error 
signal, "y" is the maximum value of the focus error sig- 
nal and "z" is the minimum value of the focus error sig- 
nal, then the amplitude "x" can be calculated as shown 
by Equation (1) below. 

55 

x=y-z Equation (1) 

[0097] Next, the measurement completion flag is set 
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(Step 109). 

[0098] Then, a judgement as to whether or not the 
amplitude of the focus error signal exceeds a threshold 
value is carried out (Step 1 1 0). 
[0099] This threshold value is established in advance 
to have a value that is sufficiently smaller than the 
amplitude of the focus error signal for the case where a 
CD-ROM is loaded, and sufficiently larger than the 
amplitude of the focus error signal for the case where a 
CD-RW is loaded. 

[0100] Accordingly, in the case where a CD-ROM is 
loaded in the optical disc drive 1 , the calculated ampli- 
tude of the focus error signal exceeds the threshold 
value. 

[0101] On the other hand, in the case where a CD-RW 
is loaded in the optical disc drive 1 , or in the case where 
no optical disc is loaded in the optical disc drive 1, the 
calculated amplitude of the focus error signal is lower 
than the threshold value. 

[0102] In the case where it is judged at Step 1 1 0 that 
amplitude of focus error signal is lower than threshold 
value ("NO" judgement at Step 1 10), the CD-RW setting 
flag is set (Step 111). 

[0103] Next, at Step 112, settings for a CD-RW are 
established. In order to establish the settings for a CD- 
RW, the optical disc drive 1 sets (changes) the focus 
servo gain (the amplification factor of the differential 
amplifier 43) and the tracking servo gain (the amplifica- 
tion factor of the differential amplifier 44) at their respec- 
tive values for a CD-RW. In this connection, the value 
set for a CD-RW should be, for example, 2.5 times or 
higher then that value set lor a CD-ROM, in particular, 
should be approximately 3 -7 times. 
[01 04] In this way, it becomes possible to increase the 
focus servo gain (the amplification factor of the differen- 
tial amplifier 43) and the tracking servo gain (the ampli- 
fication factor of the differential amplifier 44). In this 
connection, the setting tor a- CD-RW is only a provi- 
sional setting and not a fixed setting. 
[0105] After the operations at Step 112 have been 
completed, the process returns to Step 102 and the 
steps described above starting from Step 102 are exe- 
cuted again. 

[0106] Namely, as described above, a tracking offset 
adjustment is carried out (Step 102), and the laser 
diode 5 of the optical pick-up 3 is maintained in a driven 
state (Step 103). Then, after carrying out a focus offset 
adjustment at Step 104, a judgement as to whether or 
not measurements of the focus error signal have been 
completed is carried out by confirming an establishment 
of a measurements completion flag (Step 105). 
[01 07] At this point, it should be noted that a measure- 
ment completion flag was previously set at Step 109. 
Accordingly, at Step 105. the optical disc drive 1 judges 
that focus error signal measurements have been com- 
pleted. 

[0108] In the case where it is confirmed at Step 105 
that a measurement completion flag has been estab- 



lished, namely, in the case where h is judged that focus 
error signal measurements have been completed, a 
detection of the optical disc 2 is carried out over a pre- 
determined time interval (e.g.. over approximately 

5 500msec) (Step 113). 

[0109] At Step 1 13. operations similar to those per- 
formed in Step 106 are carried out. Namely, the actuator 
4 is driven to move (displace) the objective lens 32 of 
the optical pick-up 3 in the optical axis direction (a direc- 

10 tion perpendicular to the optical disc 2). Then, the max- 
imum value and the minimum value of the generated 
focus error signal are measured by the servo processor 
51 . Next, the amplitude of the focus error signal is calcu- 
lated based on such measured maximum and minimum 

is values. Then, a judgement as to whether or not the 
amplitude of the focus error signal exceeds a threshold 
value is carried out. 

[01 1 0] This threshold value is established in advance 
to have a value that is sufficiently smaller than the 
20 amplitude of the focus error signal for the case where a 
CD-RW is loaded, and sufficiently larger than the ampli- 
tude of the focus error signal for the case where no opti- 
cal disc is loaded. 

[01 1 1 ] Accordingly, in the case where an optical disc 
ss is loaded in the optical disc drive 1 , the amplitude of the 
focus error signal exceeds the threshold value. On the 
olher hand, in the case where no optical disc is loaded 
in the optical disc drive 1. the amplitude of the focus 
error signal is lower than the threshold value. 
30 [0112] Then, in the case where the amplitude of the 
focus error signal exceeds the threshold value, a signal 
indicating that an optical disc has been loaded in the 
optical disc drive 1 is outputted from the servo proces- 
sor 51 to the control means 9. On the other hand, in the 
35 case where the amplitude ol the focus error signal is 
lower than the threshold value, a signal indicating that 
no optical disc has been loaded in the optical disc drive 
1 is outputted from the servo processor 51 to the control 
means 9. 

40 [0113] Further, due to the operations carried out at 
Step 112, the focus servo gain (the amplification factor 
of the differential amplifier 43) has already been 
increased. Accordingly, as shown in Fig. 4(b), the ampli- 
tude of the focus error signal for the CD-RW after the 

45 setting for the CD-RW has been established (that is, 
after the gain has been increased) is larger than the 
amplitude of the focus error signal for the CD-RW before 
the setting for the CD-RW is established (that is, before 
the gain is increased). As a result, the judgement as to 

so whether or not an optical disc (CD-RW) is loaded in the 
optical disc drive 1 can be carried out more reliably. 
[01 14] Next, by referring to the signal indicating that 
"an optical disc is loaded" or the signal indicating that 
"no optica! disc is loaded" outputted from the servo 

55 processor 51, the control means 9 judges whether or 
not an optical disc is placed on the disc tray which is 
positioned at the loaded position (Step 114). 
[01 1 5] In the case where it is judged at Step 1 1 4 that 
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no optical disc is loaded in the optical disc drive 1 ("NO" 
judgement at Step 114), the process program shown in 
Fig. 5 turns to the process carried out for the case 
where no optical disc is loaded. For example, this proc- 
ess may include operations such as the deactivation of 
the laser diode 5 of the optical pick-up 3. Further, when 
necessary, a process for emitting a predetermined 
alarm can be carried out. 

(0116] On the other hand, in the case where it is 
judged at Step 1 14 that an optical disc is loaded in the 
optical disc drive 1 ("YES" judgement at Step 1 14), the 
focus servo control described above is carried out. 
Namely, while maintaining (fixing) the setting for a CD- 
RW, the focus servo operation is carried out (Step 115). 
[0117] Next, the spindle motor 11 is driven (rotated) 
(Step 116). 

[01 1 8] Next, the tracking servo operation and the spin- 
dle servo operation are carried out (Step 1 17). Namely, 
the tracking servo control and rotation frequency control 
described above are started. 

[01 1 9] Next, the process program proceeds to a proc- 
ess for checking the focus servo operation, tracking 
servo operation and spindle servo operation. 
[0120] The description given above was for the case 
where it is judged at Step 110 that amplitude of focus 
error signal is below the threshold value ("NO" judgment 
at Step 110). 

[0121] Oh the other hand, in the case where it is 
judged at Step 1 10 that amplitude of focus error signal 
exceeds the threshold value ("YES" judgement as Step 
110), the steps described above starting from Step 113 
are carried out. Further, in the case where it is judged at 
Step 1 1 4 that an optical disc is loaded in the optical disc 
drive 1 ("YES" judgement as Step 114), the setting for 
the CD-ROM is maintained and the focus servo opera- 
tion is carried out (Step 115). 
[0122] As described above, the optical disc drive 
according to the present invention makes it possible to 
playback information recorded on optical discs catego- 
rized into two reflectance types. Namely, the optical disc 
drive according to the present invention makes it possi- 
ble to playback information recorded on both high- 
reflectance optical discs (e.g., CD-ROM) and low- 
reflectance optical discs (e.g.. CD-RW). 
[0123] Further, according to the present invention, the 
optical disc drive judges that either a CD-ROM or a CD- 
RW has been loaded, thereby automatically establish- 
ing a setting corresponding to the disc type of the 
loaded optical disc. In this way it becomes possible to 
playback the information recorded on the loaded optical 
disc. This makes it possible to provide an optical disc 
drive which is simple to operate. Further, this also 
makes it possible to provide an optical disc drive which 
can reliably playback both information recorded on a 
CD-ROM and information recorded on a CD-RW. 
[01 24] Further, the optical disc drive according to the 
present invention includes a function for judging the 
presence or absence of an optical disc. Namely, the 



optical disc drive according to the present invention 
includes a function which makes it possible to judge 
whether or not an optical disc is placed on the disc tray 
which has been moved from the eject position to the 
5 loaded position. This judgement is carried out as fol- 
lows. 

[0125] Namely, the optical disc drive first makes a 
judgement as to whether or not an a CD-ROM is placed 
on the disc tray which has been moved to the loaded 

w position. Then, in the case where it is judged that CD- 
ROM is not loaded, the focus servo gain (the amplifica- 
tion factor of the differential amplifier 43) is increased. 
Next, the optical disc drive makes a judgement as to 
whether or not a CD-RW is placed on the disc tray which 

is has been moved to the loaded position. 

[01 26] In this way. it is possible to prevent the optical 
disc drive from starting the process for playing back 
information when no optical disc is loaded. 
[01 27] In the description given above, the optical disc 

20 drive according to the present invention was described 
with reference to the embodiment shown in the draw- 
ings. However, the structure of the optical disc drive 
according to present invention is not limited to such 
structure, and it is possible to make various changes. 

25 Further, each of the elements in the embodiment of the 
optical disc drive according to the present invention 
described above may be replaced with other element if 
it has the same function . 

[01 28] For example, in the optical disc drive according 
30 to the present invention, the amplitude of the focus error 
signal may be calculated as follows. Namely, first, the 
maximum value (peak value) and minimum value 
(trough value) of each waveform in, the generated focus 
error signal are measured. Next, the amplitude of each 
35 waveform is calculated based on the maximum value 
and minimum value thereof. Then, the average value of 
all such calculated amplitudes is established as the 
amplitude of the focus error signal. In this case, an inter- 
mediate value between the maximum amplitude and the 
40 minimum amplitude of all such calculated amplitudes 
may be established as the amplitude of the focus error 
signal. 

[0129] Further, in the embodiment described above, 
the discrimination of the disc type of the optical disc 

45 loaded in the optical disc drive is carried out by compar- 
ing the amplitude of the focus error signal with a thresh- 
old value. In this way, it becomes possible to 
discriminate whether the optical disc loaded in the opti- 
cal disc drive is a CD-ROM (high-reflectance optical 

50 disc) or a CD-RW (low-reflectance optical disc). Fur- 
thermore, in the present invention, the discrimination of 
the disc type of the optical disc loaded in the optical disc 
drive may be carried out by comparing a value corre- 
sponding to the amplitude of the focus error signal (e.g.. 

as a value obtained by multiplying the amplitude by a pre- 
scribed constant or adding a prescribed constant to the 
amplitude) with a threshold value. 
[0130] Further, in the embodiment described above. 
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the description was made based on the optical disc 
drive for playing back information recorded on an optical 
disc. However, the present invention is not limited to 
such a disc drive, and the present invention can be 
applied to optical disc drive which can play back infor- 
mation recorded on an optical disc and also record 
information onto a recordable or rewritable type optica! 
disc. 

[0131] Further, in the embodiment described above, 
the optical disc drive establishes a setting in accord- 
ance with the disc type of the loaded optical disc, and in 
this way the information recorded on the optical disc is 
reproduced. Namely, in the embodiment described 
above, in the case where the loaded optical disc is dis- 
criminated as a high-reflectance optical disc, the optical 
disc drive establishes a setting for playing back informa- 
tion recorded on a high-reflectance optical disc. Further, 
in the case where the loaded disc is discriminated as a 
low-reflectance optical disc, the optical disc drive estab- 
lishes a setting for playing back information recorded on 
a low-reflectance optical disc. However, the settings 
established in the optical disc drive according to the 
present invention are not limited to those settings 
described above. For example, any appropriate setting 
corresponding to the disc type of the loaded optical disc 
may be established in the optical disc drive to make it 
possible to record information onto a loaded optical disc 
and play back the information recorded on the loaded 
optical disc. 

10132] Further, in the present invention, the designa- 
tion of the high-reflectance optical disc is not limited to a 
CD-ROM. Namely, examples of the high-reflectance 
optical discs that can be used with the optical disc drive 
according to the present invention include CD (compact 
disc), CD-R, CD-ROM and other type optical discs hav- 
ing high-reflectance. 

-[0133] Further, in the present invention, the designa- 
tion of a low-reflectance optical disc is not limited to a 
CD-RW. Namely, examples of high-reflectance optical 
discs that can be used with the optical disc drive accord- 
ing to the present invention include various tow-reflect- 
ance optical discs other than CD-RW. 
[01 34] Further, the present invention can be applied to 
an optical disc drive which can play back information 
recorded on three or more types of optical discs or 
record information onto or play back information 
recorded on three or more types of optical discs. 
[0135] As described above, the optical disc drive 
according to the present invention makes it possible to 
record information onto anaVor playback information 
from various types of optical discs having different 
reflectances (i.e.. high-reflectance optical discs and 
low-reflectance optical discs). 
[0136] Further, the optical disc drive according to the 
present invention is constructed so as to be able to 
establish settings corresponding to the various types of 
optical discs having different reflectances. For example, 
in the case where the loaded optical disc is discrimi- 



nated as a high-reflectance optical disc, the optical disc 
drive according to the present invention establishes a 
setting corresponding to a high-reflectance optical disc. 
Further, in the case where the loaded optical disc is dis- 

5 criminated as a low-reflectance optical disc, the optical 
disc drive according to the present invention establishes 
a setting corresponding to a low-reflectance optical 
disc. In this way, the optical disc drive according to the 
present invention makes it possible to reliably record 

to information onto various types of optical discs having 
different reflectances and/or playback information 
recorded the various types of the optical discs. 
[01 37] Further, the optical disc drive according to the 
present invention includes an optical disc discrimination 

is means for judging whether or not an optical disc is 
loaded. In this way, it is possible to prevent the optical 
disc drive from starting the process for recording or 
playing back information when no optical disc is placed 
on the disc tray which has been moved from the eject 

20 position to the loaded position. 

Claims 

1 . An optical disc drive which can playback informa- 
25 tion recorded on and/or record information onto at 

least two types of optical discs having different 
reflectances, comprising: 

a rotational drive mechanism for rotating an 
30 optical disc to be loaded in the optical disc 

drive; 

an optical pick-up having an objective lens, 
said optical pick-up emitting light beam onto 
the loaded optical disc and receiving the light 
35 beam reflected by the optical disc through the 

objective lens, to generate detection signals in 
response to the amount of the received light 
beam; 

focus error signal generating means for gener- 
40 ating a focus error signal based on the detec- 

tion signals; and 

optical disc discrimination means for discrimi- 
nating a disc type of the loaded optical disc 
based on the amplitude of the focus error sig- 
45 nal. 

2. The optical disc drive as claimed in claim 1 , wherein 
the amplitude of the focus error signal varies 
depending on the reflectances of the respective 

so optical discs. 

3. The optical disc drive as claimed in claim 1 . wherein 
the at least two types of optical discs include a high- 
reflectance optical disc and a low-reflectance opti- 

55 cat disc. 

4. The optical disc drive as claimed in claim 3, wherein 
the objective lens has an optical axis, in which the 
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focus error signal is produced by displacing the 
objective lens in the optical axis direction, and then 
the optical disc disai ruination means discriminates 
whether or not the loaded optical disc is a high- 
reflectance optical disc or a low-reflectance optical 
disc based on the thus produced focus error signal. 

5. The optical disc drive as claimed in claim 3, wherein 
if the reflectance of a high-reflectance optical disc 
to be loaded in the optical disc drive is designated 
by "a" and the reflectance of a low-reflectance opti- 
cal disc to be loaded in the optical disc drive is des- 
ignated by T, then the value of "a/p" is greater 
than or equal to 2.5. 

6. The optical disc drive as claimed in claim 3, wherein 
the optical disc discrimination means discriminate 
whether or not the loaded optical disc is a high- 
reflectance optical disc or a low-reflectance optical 
disc by comparing an amplitude of the focus error 
signal or a vale corresponding thereto with a prede- 
termined threshold value. 

7. The optical disc drive as claimed in claim 3. further 
comprising means for setting recording conditions 
and/or playing back conditions corresponding to the 
type of the loaded optical disc based on the result of 
the discrimination by the optical disc discrimination 
means. 

8. The optical disc drive as claimed in claim 7, wherein 
the setting means sets recording and/or playing 
back conditions corresponding to a high-reflect- 
ance optical disc in the case where the loaded opti- 
cal disc loaded is discriminated as a high- 
reflectance optical disc by the optical disc discrimi- 
nation means, and sets recording and/or playing 
back conditions corresponding to a low-reflectance 
optical disc in the case where the loaded optical 
disc loaded in the optical disc drive is discriminated 
as a low-reflectance optical disc by the optical disc 
discrimination means. 

9. The optical disc drive as claimed in claim 8, wherein 
the conditions to be set by the setting means 
include a focus servo gain and/or a tracking servo 
gain. 

10. The optical disc drive as claimed in anyone of claim 
3, wherein the optical disc discrimination means 
has a further function for judging as to whether or 
not an optical disc is loaded in the optical disc drive. 

11. The optical disc drive as claimed in claim 10, 
wherein the optical disc discrimination means 
judges as to whether or not the loaded optical disc 
is a low-reflectance optical disc in the case where 
no high-reflectance optical disc has been detected 



by the discrimination means. 

12. A method of discriminating a disc type of an optical 
disc loaded in an optical disc drive which can play 

5 back information recorded on and/or record infor- 
mation onto at least two types of optical discs hav- 
ing different reflectances, comprising the steps of: 

rotating the optical disc loaded in the optical 

io disc drive; 

emitting tight beam from an optical pick-up onto 
the loaded optical disc and receiving the light 
beam reflected by the optical disc by the optical 
pick-up, to generate detection signals in 

15 response to the amount of the received light 

beam; 

producing a focus error signal based on the 
detection signals; and 

discriminating a disc type of the loaded optical 
20 disc based on the amplitude of the focus error 

signal which varies depending on the reflect- 
ance of the optical discs. 

13. The method as claimed in claim 12, wherein the at 
25 least two types of optical discs include a high- 
reflectance optical disc and a low-reflectance opti- 
cal disc. 

14. The method as claimed in claim 13, wherein the 
30 focus error signal is produced by displacing the 

objective lens in the optical axis direction, and then 
the loaded optical disc is discriminated as a high- 
reflectance optical disc or a low-reflectance optical 
disc based on the thus produced focus error signal. 

35 

15. The method as claimed in claim 13, wherein if the 
reflectance of the high-reflectance optical disc to be 
loaded in the optical disc drive is designated by "a" 
and the reflectance of the low-reflectance optical 

AO disc to be loaded in the optical disc drive is desig- 
nated by "p", then the value of "a/p" is greater than 
or equal to 2.5. 

16. The method as claimed in claim 13. wherein the 
45 discrimination is carried out by comparing an ampli- 
tude of the focus error signal or a vale correspond- 
ing thereto with a predetermined threshold value. 

17. The method as claimed in claim 16, wherein the 
so discriminating step includes a first step for judging 

as to whether the loaded optical disc is a high- 
reflectance optical disc or not and a second step 
tor judging as to whether the loaded optical disc is a 
low-reflectance optical disc or not wherein the sec- 
55 ond step is carried out in the case where no high- 
reflectance optical disc has not been detected by 
the first step. 
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18. The method as claimed in claim 17. wherein the 
focus servo gain at the first step is grater than that 
at the second step. 

19. The method as claimed in claim 17, wherein the 5 
amplification factor for the focus error signal at the 
first step is grater than that at the second step. 

20. The method as claimed in claim 17, further com- 
prising a step for judging as to whether or not an to 
optical disc is loaded in the optical disc drive 
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